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Selective inhibition of function- specific P-GlcNAcase has great potential in terms of drug design and 
biological research. The symmetrical bis-naphthalimide M-31850 was previously obtained by screening for 
specificity against human glycoconjugate-lytic p-GlcNAcase. Using protein-ligand co-crystallization and 
molecular docking, we designed an unsymmetrical dyad of naphthalimide and thiadiazole, Q2, that changes 
naphthalimide specificity from against a human glycoconjugate-lytic p-GlcNAcase to against insect and 
bacterial chitinolytic p-GlcNAcases. The crystallographic and in silico studies reveal that the naphthalimide 
ring can be utilized to bind different parts of these enzyme homologs, providing a new starting point to 
design specific inhibitors. Moreover, Q2-induced closure of the substrate binding pocket is the structural 
basis for its 13-fold increment in inhibitory potency. Q2 is the first non-carbohydrate inhibitor against 
chitinolytic p-GlcNAcases. This study provides a useful example of structure-based rationally designed 
inhibitors as potential pharmaceuticals or pesticides. 

Glycosyl hydrolase family 20 (GH20) P-N-acetyl-D-glucosaminidases (P-GlcNAcases) (EC 3.2.1.52) cat- 
alyze the removal of terminal N-acetylglucosamine (GlcNAc) or N-acetylgalactosamine (GalNAc) resi- 
dues from various GlcNAc/GalNAc-containing glycans or glycolipids. Crystallographic information has 
shown that these enzymes employ a substrate- assisted mechanism^"^\ To handle physiological substrates with 
different glycosidic linkages (Pl,2, pi,3, Pl,4 or pi,6) or different architectures (linear or branched, free or 
conjugated with lipids and proteins), GH20 P-GlcNAcases have evolved to show different substrate prefer- 
ences^'^ Hence, selective inhibitors for a certain function-specific enzyme are critical tools for investigating 
their physiological functions or are of medicinal importance for developing target-specific drugs and agrochem- 
icals^^. Inhibitors against human glycoconjugate-lytic P-GlcNAcase (HsHex) are potential pharmacological 
chaperones to cure GM2 gangliosidosis^^'^^. And inhibitors against fungal, disease-vector insect and agriculture 
pest chitinolytic P-GlcNAcases are potential agrochemicals^^. 

Carbohydrate-based small molecules have been reported to inhibit GH20 P-GlcNAcases. Some are very potent 
with Ki values in the |iM to nM range, most of which exhibit almost no selectivity toward function- specific P- 
GlcNAcases. Representative examples include nagstatin^^ PUGNAc^^ NAG-thiazoline^°, GlcNAcstatinA/B^\ 
pochonicine^^'^^, DNJNAc^^'^^ and other iminocyclitols^^"^^. The carbohydrate-based TMG-chitotriomycin is the 
first reported highly- selective inhibitor against chitinolytic P-GlcNAcases from bacteria, fungi and insects, but it 
is not active toward glycoconjugate-lytic P-GlcNAcases from plant and human^°'^\ Though being successfully 
synthesized^^"^^, practical application of TMG-chitotriomycin is hard due to its non- drug-like physicochemical 
properties such as high molecular weight (831.8 Da), low clogP (-6.33) and complex synthetic chemistry. 

Recent progresses on naphthalimides provide a new starting point to develop specific inhibitors by means of 
non- carbohydrate-based structures. By screening, M-31850 (Fig. 1), the symmetrical bis-naphthalimide con- 
nected by an alkylamine linker, was obtained and found to efficiently inhibit glycoconjugate-lytic HsHex with a 
value of 0.8 jiM. The structure-activity relationship (SAR) of M-31850 and its analogs suggested its binding 
mode: One naphthalimide binds the active pocket and the other naphthalimide binds to a second hydrophobic 
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Figure 1 | Structures of naphthalimide-based P-GlcNAcase inhibitors. 



patch outside of the active pocket^^ Inspired by this work, our group 
synthesized compounds aP^, 7a^^ (Fig. 1) and 20^^ that selectively 
inhibit glycoconjugate-lytic HsHex with values of 2.08 |iM, 
0.63 jiM and 1.29 |iM, respectively. Compound al is a mono- 
naphthalimide, and M-31850 is a bis-naphthalimide, both exhibit 
|iM-level activities. By replacing one naphthalimide of M-31850 by a 
methoxyphenyl group, the resulting 7a exhibits an inhibitory activity 
in the nM range, suggesting an enhanced interaction between the 
methoxyphenyl group and a hydrophobic patch outside of the active 
pocket^^. However, all naphthalimide-based compounds including 
M-31850, al, and 7a do not inhibit the chitinolytic P-GlcNAcase 
OfHexl from the important agricultural pest Ostrinia furnacalis^^ 
even at a concentration of 100 |iM^^. 

Naphthalimide derivatives are easy to synthesize and have served 
as core scaffolds for many drugs^^'^^. Naphthalimide-based design 
thus provides a promising path for developing specific small mole- 
cules that target a specific glycan-processing enzyme. Here we 
describe the design and synthesis of a novel naphthalimide deriv- 
ative, Q2, which is to our knowledge the first non-carbohydrate 
inhibitor against insect and bacterial chitinolytic P-GlcNAcases. 
We further reveal the structural basis for its potency and unique 
selectivity for chitinolytic P-GlcNAcases over glycoconjugate-lytic 
ones. 

Results and Discussion 

Design and bio-evaluation of Ql. In our previous work, structural 
comparison between HsHex and OfHexl has revealed that 
chitinolytic OfHexl possesses a deep and long substrate-binding 
pocket with both subsites —1 and +1, whereas glycoconjugate- 
lytic HsHex possesses a shallow substrate-binding pocket with only 
subsite -V^. Subsites are numbered from — n to +n, where negative 
sign represents the non-reducing end of the sugar chain^°. Thus, the 
-1 subsite consists of catalytic residues, while the + 1 subsite consists 
of substrate binding residues. Based on crystal structures, the subsite 
-1 contains two catalytic residues (D367 and E368 in OfHexl, D354 
and E355 in HsHex), and the subsite + 1 that only OfHexl have, is 
comprised by residues V327, E328 and W490. 

Because of the selectivity of M-31850, al, and 7a between HsHex 
and OfHexl, we hypothesize that the naphthalimide group in M- 
31850, al, and 7a can bind to the subsite -1 of a glycoconjugate-lytic 
P-GlcNAcase but not the subsite -1 of a chitinolytic P-GlcNAcase. 
However, it is worth noting that the subsite + 1 of OfHexl is com- 
posed of an aromatic W490 and a hydrophobic V327. Whether this 
hydrophobic subsite + 1 can be utilized to interact with the hydro- 
phobic naphthalimide ring is not reported. 



Table 1 1 


Inhibition constants of Ql for HsHex 


and OfHexl 


Inhibitor 


HsHex 


OfHexl 


OfHexl (W490A) 


M31850 


3.22° (0.80^) 


Nl 


Nl 


al 


2.08 


Nl 


Nl 


7a 


0.63° 


Nl 


Nl 


Ql 


2.15 


4.28 


Nl 


Q2 


Nl 


0.31 


Nl 


/Cjvalues are presented in|j.M. Nl, not inhibited at 


1 00 ^M. °Data from Ref. 36. ^Data from Ref. 35. 



To test this notion, we first designed a novel naphthalimide deriv- 
ative (Ql) that contains a methylthiadiazole group in place of the 
methoxyphenyl group in 7a. The methylthiadiazole contains two N 
atoms and one S atom, which may participate in hydrogen bonds 
with charged residues (R220, D367, E368, D477 and E526 in 
OfHexl) at the subsite -1 and facilitate Ql binding to subsite -1. 
Using pNP-p-GlcN Ac as substrate, Ql exhibits moderate inhibitory 
activity toward OfHexl with a value of 4.28 |iM (Table 1). This 
result suggests that Ql successfully binds both the subsites - 1 and + 1 
of OfHexl . Q 1 also inhibits HsHex with a value of 2. 1 5 jiM, which 
is in the same range as al (Ki=2.08 |aM) and M-31850 (Ki=0.8 |iM) 
for HsHex, suggesting that Ql binds through its naphthalimide 
group to HsHex. According to Dixon plots, Ql acts as a competitive 
inhibitor toward either OfHexl or HsHex (Fig. 2a and b). 

Therefore, Ql, a novel naphthalimide-based inhibitor was 
obtained with equal inhibitory activities for both glycoconjugate- 
lytic HsHex and chitinolytic OfHexl. 

Binding mode of Ql. To test the hypothesis that Ql inhibits chiti- 
nolytic OfHexl and glycoconjugate-lytic HsHex by different 
mechanisms, the crystal structure of OfHexl complexed with Ql 
was resolved at a resolution of 2.7 A. The statistics of data collec- 
tion and structure refinement were summarized in Table 2. 

The structural comparison reveals very few conformational changes 
between unliganded and Ql -complexed OfHexl s (Fig. 3a). The 
insertion of the naphthalimide group of Ql at the subsite +1 leads 
to a 256° rotation of the isopropyl group of V327. The binding of the 
2 -methylthiadiazole group of Ql leads to 23° and 53° rotations of 
D367 and E526, respectively. Ql binds the entire substrate-binding 
pocket of OfHexl in an extended conformation (Fig. 3a and b). The 
methylthiadiazole group of Ql is stabilized at the subsite -1 by n-n 
stacking with the indolyl group of W448. The N3 atom of the 2- 
methylthiadiazole group forms hydrogen bond with the phenolic 
hydroxyl group of Y475 within a distance of 2.71 A. The naphtha- 
limide group of Ql is sandwiched by the side chains of V327 and 
W490 at the subsite +1. The n-n stacking interaction between the 
naphthalimide group of Ql and the indolyl group of W490 is con- 
firmed by testing the inhibition activity of Ql against the mutant 
OfHexl -W490 A. As expected, Ql could not inhibit W490A even at 
100 jiM, again proving a naphthalimide ring can be utilized by the 
subsite +1 of OfHexl (Table 1). Thus, the naphthalimide and 2- 
methylthiadiazole groups of Ql interact with OfHexl at the subsites 
+ 1 and —1, respectively. 

To study the binding mode of Ql in HsHex, Ql was automatically 
docked into the substrate-binding pocket of HsHex using 
AutoDock4^\ The docking model of Ql with lowest binding energy 
was chosen for binding mode analysis (—11.87 kcal mol"^). As 
expected, the naphthalimide group of Ql in HsHex is well accom- 
modated by the subsite -1 and sandwiched by W424 and W489 
(Fig. 3c and d). The 2 -methylthiadiazole group binds a hydrophobic 
patch outside the subsite -1 comprised by G490-V493, L498, R501 
and the main chain of W489 (Fig. 3c and d). Moreover, the secondary 
nitrogen atom of the linker forms hydrogen bonds with D452 and 
E491. The sulfur, N2 and N3 atoms of 2 -methylthiadiazole group 
form hydrogen bonds with E491, the side chain and main chain of 
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Figure 2 | Dixon plots of inhibition kinetics of Ql and Q2 against P-GlcNAcases. (a). Ql against OfHexl; (b). Ql against HsHex; (c). Q2 against 
OfHexl. 



D452, respectively (Fig. 3c). The docking result showed good agree- 
ment with the fact that Ql has similar inhibitory activity with 
aP^, and 7a^^. These results may suggest that a naphtha- 
limide with a bulky substitute might not be able to bind the subsite - 1 
of the substrate-binding pocket of HsHex. 

Therefore, we conclude that a naphthalimide ring can interact 
with any function- specific P-GlcNAcases but through different 
mechanisms. Unfortunately, Ql exhibits very low selectivity between 
OfHexl and HsHex (Table 1). 

Design and bio-evaluation of Q2, the derivative of Ql. According 
to the complex structure of OfHexl -Ql, the naphthalimide group of 
Ql is positioned in a narrow space beyond the active pocket, which is 
formed by residues W483 (within a distance of 3.92 A) and V484 
(within a distance of 3.75 A). The main force for positioning is the 
TT-TT stacking interaction one ring of the naphthalimide group with 
the indolyl group of the W490 at the subsite +1 (Fig. 3a). And 
the 2-methylthiadiazole group of Ql forms two intermolecular 
interactions with the subsite -1, namely a tt-tt stacking interaction 
with the indolyl group of the W448 and a hydrogen bond with the 
phenolic hydroxyl group of the Y475 (Fig. 3a). Moreover, there is no 
intermolecular interactions observed between Ql and two catalytic 
residues (D367 and E368). 

Based on the above data, we designed a modified Ql, named Q2, 
which contains a dimethylamino group at C4 of the naphthalimide. 



The added group might result in a steric hindrance for Q2 to bind the 
active pocket of HsHex, eliminating its inhibitory activity toward 
HsHex. However, although Q2 may not be able to bind the narrow 
space outside of the active pocket, the modified naphthalimide may 
rotate to the opposite side and in turn localize the 2-methylthiadia- 
zole group for better interactions with the residues comprising the 
subsite -1. 

Indeed, whenpNP-P-GlcNAc is used as a substrate, Q2 exhibits a 
13-fold higher activity against OfHexl with a value of 0.31 |aM if 
compared to Ql (Table 1). The inhibition is competitive (Fig. 2c). Q2 
does not inhibit HsHex even at 100 |aM, giving an high selectivity 
between OfHexl and HsHex. 

The selectivity of Q2 was further tested against several chitino- 
lytic and glycoconjugate-lytic GH20 P-GlcNAcases from different 
organisms. Q2 does not inhibit any glycoconjugate-lytic P- 
GlcNAcases including OfHex2 from the insect O. furnacalis, 
CeHex from the plant Canavalia ensformis and BoHex from 
bovine, but showed clear inhibitory activities against chitinolytic 
P-GlcNAcases, SmChb from the bacteria Serratia marcescens, 
SpHex from the bacteria Streptomyces plicatus and TvHex from 
the fungi Trichoderma viride with values of 8.25, 74.82 and 
25.03 |iM, respectively. 

Thus, a naphthalimide-based non-carbohydrate inhibitor acquires 
specificity reversal toward two isoforms of GH20 P-GlcNAcases by 
means of a simple dimethylamination. 



Table 2 Details of data collection and structure refinement 




OfHexl -Ql 


OfHexl -Q2 


Data collection 






Space group 


P3221 


P3221 


Cell dimensions 






a, b,c(k] 


107.8, 107.8, 175.3 


108.0, 108.0, 175.6 


a, P, y (degrees) 


90.0, 90.0, 120.0 


90.0, 90.0, 120.0 


Resolution (A) 


50.00-2.70 (2.75-2.70) 


50.00-2.10(2.14-2.10) 


p 

•^merge 


0.132 (0.397) 


0.104 (0.436) 


//a/ 


15.12 (6.29) 


17.56 (7.43) 


Completeness (%) 


91.72 (51.54) 


95.56 (65.55) 


Refinement 






Resolution (A) 


2.70 


2.10 


^work/^free 


0.180/0.213 


0.162/0.181 


No. atoms 






Protein 


4615 


4626 


Ligand/ion 


53 


56 


Water 


158 


426 


R.m.s. deviations^ 






Bond lengths (A) 


0.008 


0.008 


Bond angles (degrees) 


0.99 


1.00 
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Figure 3 | Crystal structure of Ql-complexed OfHexl and docked structure of Ql-complexed HsHex. (a). The superimposition of the unliganded- 
OfHexl and Ql-complexed OfHexl. Residues of unliganded-OfHexl and Ql-complexed OfHexl are shown in white and blue, respectively. Ql is shown 
in green. The hydrogen bonds are shown as dashed black lines, (b). The binding mode of Ql in the substrate-binding pocket of OfHexl. The subsites — 1 
and + 1 are shown in pink and blue, respectively. W483 and V484 are shown in cyan. (c). and (d). The binding mode of Ql in the substrate binding-pocket 
of HsHex. The hydrogen bonds are shown as dashed black lines. The subsites -1 and the hydrophobic patch outside the subsite -1 are shown in pink and 
yellow, respectively. 

Novel binding mode of Q2. To prove the hypothesized inhibitory that several residues including H303, D367, E368, W448 and E526 
mechanism, the crystal structure of OfHexl complexed with Q2 was undergo large conformational changes in a manner similar to Of- 
resolved to a resolution of 2.1 A (Table 2). Structure-based com- Hexl complexed with TMG-chitotriomycin^° (Fig. 4a). The catalytic 
parison between unliganded and Q2-complexed OfHexl reveals E368 rotates approximately 180° and W448 rotates approximately 




Figure 4 | Crystal structure of Q2-complexed OfHexl. (a). The superimposition of the unliganded-OfHexl and Q2-complexed OfHexl. Residues of 
unliganded- OfHexl and Ql-complexed OfHexl are shown in white and cyan, respectively. The hydrogen bonds are shown as dashed black lines, (b). The 
binding mode of Q2 in the substrate-binding pocket of OfHexl. The subsites —1 and +1 are shown in pink and blue, respectively. W483 and V484 are 
shown in cyan. (c). The superimposition of the binding modes of Ql and Q2 in OfHexl. Ql and Q2 are shown in green and magenta, respectively. 
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60°, resulting in tight binding of Q2 to both subsites —1 and +1. 
Additionally, a dual conformation of W448 was observed, indicating 
a dynamic balance between the closed and semi-closed state of the 
active pocket. 

Q2 occupies the entire substrate binding pocket of OfHexl but has 
a different conformation than Ql (Fig. 4b). Compared with Ql in 
OfHexl, the 4-dimethylaminonaphthalimide group of Q2 rotates 
approximately 180° and engages in n-n stacking with the indolyl 
group of W490 (Fig. 4c). This conformation change causes the 4- 
dimethylamino group to leave the restricted space formed by resi- 
dues W483 and V484 and protrude into the solvent. By virtue of this 
conformation change, the linker and the methylthiadiazole group of 
Q2 binds well at the subsite - 1 (Fig. 4a and b). The linker of Q2 is bent 
into a curved conformation and the secondary nitrogen atom forms a 
2.81 -A hydrogen bond with the catalytic residue E368. The 
methylthiadiazole group of Q2 is sandwiched by W524 and W448 
and its N3 atom forms a 2.62-A hydrogen bond with the phenolic 
hydroxyl group of Y475. 

Thus, the structural basis for the 13-fold increment in the inhib- 
itory activity of Q2 for OfHexl by a simple dimethylamination were 
revealed to be the different binding mode of naphthalimide ring at 
subsite + 1 and the closure of substrate-binding pocket at subsite -1. 

Conclusion 

In this paper, by using protein-ligand co- crystallization and molecu- 
lar docking, we designed and synthesized an unsymmetrical dyad of 
naphthalimide and thiadiazole, Q2, that switched naphthalimide 
specificity from against a human glycoconjugate-lytic P-GlcNAcase 
to against insect and bacterial chitinolytic P-GlcNAcases. Since 
naphthalimide derivatives are easy to synthesize and have served 
as core scaffolds for many drugs, this work provides a possibility 
for developing naphthalimide acting as target- specific pharmaceuti- 
cals or pesticides by taking advantage of crystal structure information. 

Methods 

Synthesis and characterization of p-GlcNAcase inhibitors. The general description 
of chemical synthesis, the synthesis of intermediates 1, 2 and 3 and the all of the 
schemes are given as Supplementary files. 

2- (2- ( ( (5-methyl- 1 ,3,4-thiadiazol-2-yl) methyl) amino) ethyl) - 1 H- 
benzo[f/e]isoquinoline-l,3(2/f)-dione (Ql). Potassium carbonate (383 mg, 
2.77 mmol) was added to a solution of 1 (500 mg, 2.08 mmol) and 3 (206 mg, 
1.39 mmol) in 20 mL acetonitrile. The mixture was stirred at reflux until the 
completion of reaction was detected by TLC and then the undissolved substance was 
removed by filtration. The filtrate was concentrated in vacuo to give a residue, which 
was purified by silica gel column chromatography using CH2CI2/CH3OH (30 : 1) to 
give Ql (250 mg, 51%) as white solid. Ri = 0.43 (CHCU/MeOH, 30: 1); NMR 
(400 MHz, CDCI3): S 8.59 (d, / = 7.2 Hz, 2H), 8.23 (d, / = 8.0 Hz, 2H), 7.76 (dd, / = 
8.0,7.2 Hz,2H),4.37(t,/= 6.0 Hz, 2H), 4.22 (s, 2H), 3.10 (t,/ = 6.0 Hz, 2H), 2.63 (s, 
3H), 1.96 (br s, IH); ^^C NMR (100 MHz, CDCI3): d 172.0, 165.7, 164.4, 134.1, 131.6, 
131.3, 128.2, 127.0, 122.5, 47.9, 47.2, 39.6, 15.6; HRMS-ESI (m/z): calcd for 
C18H17N4O2S [M+H]+ 353.1072, found 353.1078. 

6-(dimethylamino)-2-(2-(((5-methyl-l,3>4-thiadiazol-2-yl)methyl)amino)ethyl)- 
l/f-benzo[f/e]isoquinoline-l,3(2H)-dione (Q2). The title compound was prepared 
as yellow oil using 2 and 3 according to the synthetic method of Ql. Yield: 50%. ^H 
NMR (400 MHz, CDCI3): 5 8.54 (dd, / = 7.2, 0.8 Hz, IH), 8.47-8.40 (m, 2H), 7.64 
(dd, / = 8.4, 7.2 Hz, IH), 7.10 (d, / = 8.4 Hz, IH), 4.33 (t, / = 6.4 Hz, 2H), 4.21 (s, 
2H), 3.10 (s, 6H), 3.07 (t, / = 6.4 Hz, 2H), 2.62 (s, / = 3H), 2.16 (br s, IH); ^^C NMR 
(100 MHz, CDCI3): 5 172.1, 165.6, 164.8, 164.2, 157.0, 132.7, 131.3, 131.1, 130.3, 
125.2, 124.8, 122.9, 114.7, 113.2, 47.8, 47.3, 44.7, 39.4, 15.5; HRMS-ESI (m/z): calcd 
for C20H22N5O2S [M+H]+ 396.1494, found 396.1494. 

Enzyme preparation. OfHexl and OfHex2 from O.furnacalis were expressed and 
purified as described in our previous works^^. The SmChb from S. marcescens was 
recombinantly expressed and purified according to the reported methods^^. SpHex 
from S. plicatus was purchased from New England Biolabs (Beijing, China). Human 
HsHex, bovine BtHex, plant CeHex from C. ensformis and fungal TvHex from T. 
viride were purchased from Sigma- Aldrich (Shanghai, China). 

Enzyme Activity Assay. The enzymatic activities of Hexes and chitinases measured at 
25°C using 4-nitrophenyl-N-acetyl-P-acetylglucosamine (pNP-P-GlcNAc, Sigma- 
Aldrich). OfHexl, SmChb and TvHex were assayed in 20 mM sodium phosphate 



buffer (pH 6.0) and HsHex, CeHex and SpHex were assayed in 20 mM sodium citrate 
buffer (pH 4.5). After incubating for appropriate time, 0.5 M Na2C03 was added to 
the reaction mixture and the absorbance at 405 nm was monitored using a Sunrise 
microplate reader (TECAN, Shanghai, China). As for value determination, three 
substrate concentrations (0.075, 0.125 and 0.2 mM) were used. The concentrations of 
inhibitor varied for different enzyme. The values and types of inhibition were 
determined by linear fitting of data in Dixon plots. 

Protein Crystallization and Structure Determination. Crystallization experiments 
were performed by the hanging drop-vapor diffusion method at 4°C. OfHexl was 
desalted in 20 mM bis-Tris with 50 mM NaCl (pH 6.5) and concentrated to 7.0 mg 
mL"^ by ultracentrifugation. The crystal of Ql and Q2-complexed OfHexlwere 
obtained within 2 weeks with 10-fold excess of Ql and Q2 in mother liquid A 
(100 mM HEPES (pH 7.2), 100 mM MgCl2, 30% PEG400) and mother liquid B 
(100 mM HEPES (pH 7.4), 100 mM MgCl2, 35% PEG400), respectively. Diffraction 
data was collected at Shanghai Synchrotron Radiation Facility, BL-17U (ADSC 
Quantum 315r CCD at 100 K), and processed using HKL2000*^ 

The structures of Ql and Q2-complexed OfHexl were solved by molecular 
replacement with PHASER^^ using the structure of the unliganded OfHexl (PDB 
code: 3NSM) as the model. PHENIX^*^ was used for structure refinement. The 
molecular models were manually built and extended using Coof*^. The stereochem- 
istry of the models was checked by PROCHECK^*^. Coordinates for OfHexl -Ql and 
OfHexl -Q2 complexes have been deposited with accession codes 3MWB and 
3MWC. All structural figures were generated using PyMOL (DeLano Scientific LLC, 
San Carlos, CA, USA). 

Molecular Docking. The PDB files of the Ql were generated by PRODRG^". The 
Hgand-free PDB file of HsHex (PDB code INPO) were prepared by PyMOL. The 
PDBQT files of the proteins and compounds were prepared by MGLTools*\ Affinity 
grid of 70 X 70 X 70 A positioned on the center of the Hgand (NAG-thiazoline in 
HsHex) was calculated using AutoGrid4'^\ Molecular dockings were done by 
AutoDock4^^ using the Lamar ckian genetic algorithm with a population size of 150 
individuals, 25,000,000 energy evaluations and 27,000 generations. Plausible docking 
models were selected from the most abundant cluster (RMSD = 2 A) which had lowest 
binding energy. 
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